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ABSTRACT 

This report  presents a summary of work on v i sua l  and auditory 
s igna l  recognition performed under NASA Grant R-129. The 
v i sua l  s tudies  included e f f ec t s  of chromatic adaptation on 
color naming, and on saturat ion estimates,  ROC curves developed 
over t h e  course of dark adaptation, and s tudies  of t he  
Bezold-Brccke hue sh i f t .  The s tudies  of auditory detection 
included work on l a t e r a l i z a t i o n  of sound, on masking l e v e l  
differences (MLDs f o r  tone and narrow-band noise,  e f f ec t  of 
noise bandwidth on detection of a tona l  s igna l ,  e f f ec t  of 
punishment on performance i n  a detection t a sk ,  and a series of 
s tud ies  of e l e c t r i c a l  and mathematical models of auditory 
detection. 
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I. INTRODUCTION 

The following i s  a l i s t  of problems under Contract Nonr-3579(04): 

A. Detection Performance and Two Parameters of t h e  Auditory 

Stimulus 

B. Effects  of Visual Adaptation on t h e  Detection of a Visual 

Stimulus 

Signal Detection and t h e  Width of C r i t i c a l  Bands C .  

D. Binaural Models and Psychometric Functions 

E. Monaural E l e c t r i c a l  Model 

It w a s  not possible t o  carry t h e  foregoing pro jec ts  through t o  

completion because funds were not avai lable  t o  continue t h e  e f f o r t  

past  t h e  30 Apr i l  1968 termination date  of t h i s  contract .  

A summary of t h e  work performed i s  given i n  Sections I1 and 111. 

A l i s t  of publications i s  given i n  Section I V  and abs t rac ts  of a l l  

publications are given i n  Section V. 
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11. VISUAL RESEARCH 

Effec ts  of Chromatic Adaptation on Color Naming' 

The four color  names, Blue, Green, Yellow, and Red were employed 

s ingly o r  i n  pa i r s  by the  subjects  i n  ident i fy ing  t h e  color  presented 

t o  them a f t e r  a period of chromatic adaptation. 

scaled as  follows: Blue was graded 3; Blue-Green aas scaled 2 f o r  

blue and 1 f o r  green; Green-Blue was  scaled 2 f o r  green and 1 for blue, 

e t c .  

length.  The graphs show the  percentage of t o t a l  points  assigned 
t o  each wavelength indicated on the  abscissa .  

the  r e s u l t s  f o r  th ree  subjects  a f t e r  5 min of i n i t i a l  neu t r a l  adap- 

t a t i o n  at  193 ft L. The t e s t  s t imul i  were of t he  same luminance and 

were presented for  300 msec at  18 see in t e rva l s ,  a l t e rna t ing  w i t h  

the  adaptation l i g h t  which w a s  on between t e s t  t r i a l s .  The stimuli 

The responses were 

There w a s  a possible  t o t a l  of 72 points  f o r  each t e s t  wave- 

Drawing -43-66-739 shows 

were presented i n  Maxwell5an view subtending 40 deg. 

Drawing No. AS-66-740 shows the  r e s u l t s  a f t e r  adaptation with a 

W 92 f i l t e r  (646 rm). It w i l l  be seen t h a t  the  red has almost disap- 

peared, t he  yellow i s  sh i f t ed  wel l  toward the  red, the green has been 

extended over a wide range of wavelengths, and the blue is  v i r t u a l l y  

unaffected. 

Drawing No. AS-66-741 shows t h e  e f f e c t  a f t e r  adaptation with a 

W 98 f i l t e r  (452 nm). 
moved t o  t h e  l e f t .  The red has been sh i f t ed  t o  the  l e f t  and even 

appears i n  the b lue  region as red-blue o r  blue-red. The extent  of 
the  green has been g rea t ly  reduced and shifted ' to  the l e f t ,  and the  

area of yellow has been increased and sh i f t ed  t o  t h e  l e f t .  

Here t h e  blue has been grea t ly  r e s t r i c t e d  and 

Drawing No. AS-66-742 shows t h e  e f f e c t  of adaptat ion w i t h  a 

W 74 f i l t e r  (538 nm). Here t h e  red and blue have been expanded toward 

3 
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the middle, and the  green and yellow responses completely suppressed fo r  

one s u b j e c t  and g rea t ly  r e s t r i c t e d  f o r  the o ther .  

The r e s u l t s ,  i n  addi t ion  t o  ind ica t ing  the e f f e c t  on hue of p r i o r  

adaptation, i l lus t ra te  the effect iveness  of co lor  naming as a quanti- 

t a t i v e  experimental research procedure. 

cor re la t ions  f o r  t h e  data were mostly i n  t h e  high go's, and t h e  method 

is  much less time consuming than matching procedures. 

Sp l i t -ha l f  r e l i a b i l i t y  

One p r a c t i c a l  suggestion from t h e  results has t o  do wi th  the  use 

of colored l i g h t  i n  t he  i l luminat ion of sonar and radar spaces. The 

red commonly employed on board sh ip  t o  preserve dark adaptat ion i s  

about the  most inappropriate  l i g h t i n g  f o r  spaces where t h e  color t o  

be detected i s  the greenish yellow of many scope phosphors. Neutral  

l i g h t ,  or blue, would be much better.  

Saturat ion E s t i m a t e s  and Chromatic Adaptation 

I n  addi t ion t o  being able t o  ass ign  co lor  names reliably, subjec ts  

prove t o  be able t o  estimate the sa tu ra t ion  of co lors  presented a f t e r  

various types of adaptat ion,  The subjec ts  were in s t ruc t ed  t o  ass ign  

numbers ranging from zero t o  t e n  t o  t h e  sa tu ra t ion  of t e s t  co lors  

presented after adaptat ion.  AS-66-1341 shows data f o r  three subjec ts  

after neu t r a l  adaptat ion f o r  5 minutes (Maxwellian view, 40 deg, 

same procedure as i n  t h e  previous experiment),  The bars ind ica te  one 

standard deviat ion above and below t h e  mean estimate. 

Drawing No, AS-66-1342 shows t h e  e f f e c t  of adaptat ion t o  a long 

wavelength (W 92, 636 nm) . 
f o r  t he  long wavelengths have been g rea t ly  reduced. 

t h e  e f f e c t  of adaptat ion t o  a short wavelength ( W  98, 432 nm). 

t he re  i s  a marked reduction i n  sa tu ra t ion  f o r  wavelengths from medium 

t o  shor t ,  wi th  increased sa tu ra t ion  f o r  wavelengths a t  t h e  o the r  end 

It w i l l  be seen t h a t  s a tu ra t ion  estimates 
AS-66-1343 shows 

Here 
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of t h e  sca l e .  

( W  74, 532 nm) . 
middle, wi th  a considerable increase i n  t h e  estimates for  t h e  long 

wavelengths, and f o r  one subject ,  f o r  t h e  shor t  as w e l l .  The 

r e l a t i v e l y  s m a l l  spread f o r  any p a r t i c u l a r  wavelength ind ica tes  t h a t  

t h e  judgments are being made wi th  good consistency. 

AS-66-1344 shows t h e  e f f e c t  of adaptat ion f o r  green 

Here the re  is  depression of t h e  estimates i n  t h e  

Effec ts  of Adaptation on V i s u a l  Detection 

It i s  frequent ly  suggested i n  recent  l i t e r a t u r e ,  following 

Bar l aw (1964), t h a t  t h e  e f f e c t  on t h e  r e t i n a  of exposing it t o  l i g h t  

is  t o  make i ts  behavior i n  subsequent darkness 'lnoisy". 

t h a t  t h e  de tec t ion  of a weak v i sua l  "signal" i n  t h e  dark following a 

b r i e f  f l a s h  of adaptat ion l i g h t  i s  e s s e n t i a l l y  t h e  de tec t ion  of a 

s igna l  i n  noise.  For t h i s ,  and a number of  o the r  reasons, t h e  

present experiment w a s  undertaken as a de tec t ion  t a s k .  A ra t ing-  

sca le  procedure w a s  employed t o  permit t h e  construct ion of rece iver  

operating c h a r a c t e r i s t i c  (ROC) curves from t h e  sub jec t s '  responses 

This implies 

The adaptat ion l i g h t  and t h e  s igna l  were presented i n  Maxwellian 

view. The former subtended an angle of 25 deg, and t h e  l a t t e r ,  5 deg,  

i n  t h e  center  of t h e  adaptat ion f i e l d .  The exposure of t h e  adaptat ion 

l i g h t  w a s  cont ro l led  by a mechanical s h u t t e r  which allowed it t o  be 

presented f o r  200 msec. 

t a t i o n  l i g h t  w a s  6.74 l o g  t ro lands .  

glow-modulator tube which w a s  f lashed e l e c t r o n i c a l l y  f o r  20 msec a t  a 

constant illuminance l e v e l  (coostant  spectrum), and at tenuated by a 

series of neu t r a l  f i l t e r s  0.1 l o g  u n i t s  apar t ,  ranging from 2.04 t o  

0.54 log  t ro lands  of r e t i n a l  illuminance. A b i t e  board and a dim red 

"grain of wheat" f i x a t i o n  l i g h t  served t o  maintain t h e  des i red  orien- 

The r e t i n a l  illuminance provided by t h e  adap- 

The tes t  l i g h t  ( s i g n a l )  w a s  a 

t a t i o n  of t h e  eye. 

A f t e r  spending 

t h e  subject  entered 

a minimum of t e n  minutes i n  a dimly l i g h t e d  room, 

t h e  dark tes t  booth. A f t e r  2 minutes of dark 

12 
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adaptation, the f ixa t ion  l i g h t  w a s  turned on, and S signaled by means 

of a push button t h a t  he w a s  ready. 

turned on f o r  200 msec, and every 6 seconds following the termination 

of t h e  adaptation l i g h t  a 1 sec warning tone w a s  presented. 

termination of t h e  tone, t h e  t es t  s i g n a l  was e i ther  turned on or  not 

( w i t h  an - a p r i o r i  p robabi l i ty  of 0.5). 
appropriate push button t o  ind ica te  his assurance that  a s igna l  had 

o r  had not been presented. 

ce r t a in ty  t h a t  there had been no s igna l ,  and "lo", v i r t u a l  c e r t a i n t y  

t h a t  t he re  had been a s igna l .  

t h e  adaptation flash cons t i tu ted  one "run", and from f i v e  t o  t e n  

such runs separated by 2 minutes of dark adaptat ion cons t i tu ted  an 

experimental session.  The luminance of the t e s t  s igna l  w a s  varied 

during the run and from one run t o  another according t o  a planned- 

haphazard program so t h a t  any of  s i x  o r  seven illuminances might 

occur during any t r i a l  i n  the run of  40. The values were chosen so 

t h a t  the  percentage of cor rec t  responses a t  any period following t h e  

adaptation flash f e l l  within a reasonable range f o r  ge t t i ng  ROC 

curves. 

study and the values of P (c )  were determined from the i r  area as 

measured by a planimeter. 

f o r  t he  average of t h e  three subjec ts .  The da ta  f o r  t h i s  drawing 

were taken a t  a tes t  l i g h t  illuminance of 0.54 l o g  t ro lands .  The 

parameter of the  family of curves i s  t h e  time following t h e  adaptat ion 

f l a s h  at  which t h e  da t a  were taken. 

The adaptation l i g h t  w a s  then 

A t  t h e  

The subjec t  responded wi th  an 

A response of "1" represented v i r t u a l  

Forty such 6 sec periods following 

Some 400 ROC curves were obtained during t h e  course of t h e  

AS-67-1661 shows a family of ROC curves 

Drawing No.  AS-67-1718 s b w s  t h e  course of dark adaptat ion.  

The absc issa  is time after t h e  adaptat ion f l a sh ,  and t h e  ordinate  

i s  t h e  illuminance needed t o  reach t h e  percentage cor rec t  indicated 

as t h e  parameter of t h e  family of curves. This drawing i s  f o r  a 

s ing le  subjec t .  ,The o the r  drawing showed s i m i l a r  r e s u l t s .  The 

subjec ts  were asked t o  repor t  the moment when t h e  pos i t i ve  after-  

image of  the adaptat ion l i g h t  disappeared, Th i s  occurred about 

1 4  
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2 minutes after the  exposure, but w a s  not accompanied by any 

d iscont inui ty  i n  t h e  recovery curve. The r e t i n a l  “noise” is 

apparently not dependent on t h e  presence of t h e  pos i t i ve  af’terimage. 

This study i s  forming t h e  bas i s  f o r  a doc tora l  d i s s e r t a t i o n  by 

Mr. Heinz Gaylord. 

The Bezold-Brkke Hue S h i f t  

I n  s p i t e  of t h e  importance of t h e  Bezold-Brkke s h i f t  t o  

theor ies  of vision, much of our knowledge of t h e  phenomenon i s  based 

on a s ing le  study by Purdy, made over 30 years  ago and on a s ing le  

subjec t ,  It therefore  seemed appropriate t o  examine t h e  e f f e c t  w i t h  

a subs t an t i a l  population. Seventy-two subjects ,  33 females and 

39 males, were employed i n  the  present study. 

cedure described earlier w a s  used. The apparatus was a two beam 

device with one beam providing t h e  low l e v e l  adaptat ion l i g h t ,  t h e  

other,  t he  t e s t  wavelength. Measurements were made i n  t h e  range 

from 470-630 nm, using a gra t ing  monochromator adjusted t o  y i e l d  a 

passband of 15 nm. Two luminance l eve l s ,  320 and 3200 t ro lands ,  were 

used with c e n t r a l  f i xa t ion  i n  Maxwellian view subtending an angle of 

3 deg. 

The adaptation l i g h t  w a s  viewed during the  times between t e s t  

s t imu l i .  The order of stimulus presentat ion w a s  randomized and every 

subject  given severa l  p rac t i ce  s t imu l i  before da t a  co l l ec t ion  w a s  

undertaken. 

s t imu l i  as could be programmed i n  t h a t  t i m e .  

The co lor  naming pro- 

Test  s t i m u l i  were presented f o r  300 msec once every 18 sec .  

Each subjec t  served f o r  one hour and received as many 

The co lor  naming values were converted i n t o  nm’s of s h i f t  and 

are presented i n  AS-67- 416. 
sample of observers t e s t ed ,  

of t h e  mean f o r  t h e  poin t .  

smaller than those reported 

The p lo t t ed  points  are t h e  means f o r  t h e  

and t h e  bars  represent  2 standard e r r o r s  

I n  general ,  t h e  s h i f t s  shown here are 

by Purdy, bu t  t h e  so-cal led invar ian t  
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points  occur a t  584, 502, and 474 nm f o r  t he  mean of the present 

sample--about t h e  same locat ions as found i n  earlier s tudies .  

The v a r i a b i l i t y  shown i n  t h e  f igure  probably is  l a rge ly  t h e  

r e s u l t  of individual  differences,  s ince an earlie>r study shows t h a t  

t h e  method is  capable of a high degree of r e l i a b i l i t y .  

It w a s  a l s o  possible  t o  determine from the da ta  t h e  s p e c t r a l  

loca t ion  of unique yellow and unique green a t  t h e  two luminances 

employed. 

a t i c a l l y .  

and 580.30 nm f o r  t h e  high. 

showed an in t e re s t ing  e f f e c t .  Table I shows t h e  f inding.  

The loca t ion  of t h e  unique yellow d id  not change system- 

The mean was 580.35 nm under t h e  low luminance condition 

However, the  locat ion of  t h e  unique green 

Table I 

Unique green l o c i  ( i n  nm) f o r  two c l a s ses  of observers a t  two 

luminance l eve l s .  Resu l t s  of s t a t i s t i c a l  evaluat ions of row and 

column differences are indicated.  

Low High 
N 1 uminanc e luminance 

It w i l l  be seen t h a t  t h e  subjec ts  appear t o  f a l l  i n t o  two groups 

i n  t h e i r ' l o c a t i o n  of unique green at a low luminance l e v e l .  

d i f fe rence  disappears at  the high luminance l e v e l ,  Both groups show 

The 



a s h i f t  i n  the locat ion of the unique green at  the  low level ,  but the  

s h i f t  f o r  group I1 is  much grea te r  than for group I. 

I n  addition t o  the  psychophysical work j u s t  reported, Dr. Jacobs 

and h i s  students are conducting behavioral and neurophysiological 

s tud ies  on animals, with addi t ional  support from the  National Science 

Foundation (Grant GB 4150 26-1007-2950). 
color and s p a t i a l  s e n s i t i v i t y  of s ing le  uni t s  of the  l a t e r a l  genicu- 

l a te .  The findings of the work on color  s e n s i t i v i t y  a re  shown t o  

cor re la te  highly with the  behavior of the  animals i n  discrimination 

tasks .  

This work involves both 

20 



111. AUDITORY RESEARCH 

Beginning i n  May 1964, the  National Aeronautics and Space 

Administration through Grant R-129 provided support fo r  work i n  

audition t h a t  w a s  already receiving support from the  U. S. N a v y  

Bureau of Ships through Contract NObsr-72627. 

us t o  increase our e f f o r t  i n  t h i s  f i e l d  and t o  provide assis tance 

for more graduate students--both experimenters working on disser-  

t a t i o n  problems and subjects  who received hourly pay f o r  t h e i r  

services .  The grant a l s o  made it possible for us t o  construct 

considerably more f l ex ib l e  programming and recording equipment. A t  

t he  present time most of our data  are recorded on punched cards 

which are then analyzed by the  Laboratory's CDC 3200 computer. 

subjects at  a time can be run i n  psychophysical s tud ies .  

s igna l  l eve l s  can be employed i n  a s ingle  session and s ingle  in te rva l ,  

two-interval forced choice can be employed; or r a t ing  scale  responses 

can be recorded. 

multiple observer responses as wel l .  

The addition allowed 

Four 

Several 

S e r i a l  e f f ec t s  can be examined where desired,  and 

Most of our recent work i n  audition has been concerned with 

detect ing a s igna l  i n  noise, although earlier a considerable amount 

of research was devoted t o  various problems i n  t h e  loca l i za t ion  of 

sound. The masking s tudies  have f a l l e n  i n t o  two main categories ,  

those concerned wi th  t h e  de tec t ion  performance of t h e  s ing le  ear, 

and those concerned wi th  t h e  S inaura l  release from masking which 

can occur when s t i m u l i t o  the  two  ears are not i den t i ca l .  
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Binaural Studies 

Time and I n t e n s i t y  Differences and Latera l iza t ion '  

T h i s  w a s  a study conducted by a summer Science-Part ic ipat ion 

high school s tudent  (Brant T. Mitt ler)  under National Science 

Foundation support, and supervised by D r .  Charles S. Watson. The 

student and his  subjec ts  were 17-year-olds . The subjec t '  s task 

consisted of drawing l i n e s  across  a sketch of t h e  head t o  ind ica te  

the  range of movenient of a commutated sound. The sound, a 500 Hz 

tone, w a s  presented v i a  earphones wi th  either a l e v e l  d i f fe rence  

or a phase d i f fe rence  between t h e  inputs  t o  t h e  phones. The inputs  

were commutated a t  half-second i n t e r v a l s  and produced a d i s t i n c t  

impression of  movement within the head. The loca t ions  of t h e  ends 

of the l i n e s  represented the point a t  which the  subjec t  thought 

movement began and ended. The data sheet w a s  loca ted  behind a s l i t  i n  

a sketch of a face and w a s  moved between tr ials so tha t  each judgment 

could be made without reference t o  previous ones. 

shows the  mean length  of  l i n e  assoc ia ted  w i t h  t h e  i n t e n s i t y  d i f fe rence  

or the time d i f fe rence  shown on the absc issa .  It w i l l  be seen t h a t  

t h e  " t rading r a t i o "  obtained i n  t h i s  way i s  i n  good agreement wi th  

others  i n  t h e  l i t e r a t u r e :  

The following drawing 

about 60 psec per dB. 

Maskina Level Differences f o r  Tone and Narrow Band Noise 

A 50 Hz wide band of noise centered at  500 Hz and a 500 Rz tone 

were employed as s igna l s  i n  a binaura l  masking experiment. Webster 

and Hirsh had reported much l a r g e r  masking l e v e l  d i f fe rence  for  a 

noise  s i g n a l  than f o r  tone.  The present experiment w a s  undertaken 

i n  par t  t o  check the i r  findings,  f o r  which no t h e o r e t i c a l  explanation 

w a s  apparent. The major resul ts  are presented i n  AS-9174. It w i l l  
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EQUIVALENT BINAURAL CONDlTlOh 
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BINAURAL DIFFERENCE 
Equivalent binaural time- and lntensity-differences. plotted 

by adlustlng the abscissas to make the two functions mlnddent. 
This adjustment emphasizes the similarity in subjective effect of 
60 psec. and 1.0 db In shiftlng a sound image?off of the m d a n  
plane. 
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be seen t h a t  there  is  no s ign i f i can t  difference between the  MUD'S 
f o r  noise and tone, and t h a t  it makes l i t t l e  difference whether t he  

noise i s  sh i f t ed  i n  time, by a delay l i n e ,  o r  i n  phase by a phase 

s h i f t e r .  A second experiment t o  attempt t o  explain the  f indings 

of Hirsh and Webster revealed that they had employed the  same noise 

generator f o r  t h e i r  masker as f o r  t h e i r  s igna l .  

d i t i ons  were rep l ica ted ,  our f indings agreed wi th  t h e i r s .  A l a rge  

MLD (18 dB) w a s  obtained when the  masker and s i g n a l  were i n  phase 

opposition. It occurred, however, because of t h e  considerable 

increase i n  the  s igna l  needed i n  t h e  NO SO reference condition, 

not because of any grea t  re lease  from masking under t h e  ant iphasic  

condition. 

When these con- 

Binaural Detection as a Function of t he  Bandwidth of t h e  
Masking Noise 

E a r l i e r  work had suggested t h a t  t he  bandwidth involved i n  

binaural  detect ion is  sDmewhat wider than t h a t  f o r  monaural de tec t ion .  

The present experiment w a s  undertaken t o  study t h i s  p o s s i b i l i t y .  

Equivalent rectangular  bandwidths of  2900, 508, 422, 303, 183, 160, 
130, lOg, 30, 22, and 12.6 Hz were employed f o r  t he  masker. 

s igna l  w a s  a 300 Hz tone of 130 msec durat ion and a r i s e - f a l l  time 

of 23 msec. Three l e v e l s  of noise were employed: 50, 45, and 30 dB 
spec t r a l  l e v e l .  

mask t h e  second harmonic of t h e  s igna l ,  t h a t  w a s  about 60 dB below t h e  

fundmental .  The s t imu l i  were presented e i t h e r  with both noise and 

s igna l  i n  phase a t  the  two ears, NO SO, o r  with the  s igna l  reversed 

i n  in t e rau ra l  phase, NO SIC. 
subject  f o r  t h e  d i o t i c  condit,ion NO SO. It w i l l  be seen t h a t  t h e  
e f f e c t  of band narrowing is  not very s ign i f i can t  u n t i l  a bandwidth 

The 

A low leve1,wide band background noise w a s  used t o  

AS-65-816 shows t h e  r e s u l t s  f o r  one 

of about 50 

improvement 

Hz i s  reached, whereas AS-65-818 shows very subs t an t i a l  

beginning at  bandwidths as wide as 200 Hz. The r e s u l t s  
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st rongly suggest t h a t  a much wider range of frequencies is  involved 

i n  the de tec t ion  of a 300 Hz tone under t h e  NO Sa condition than is  

involved i n  monaural o r  NO SO detect ion;  t h i s  is probably not 

suprising, s ince w e  are presumably concerned w i t h  a population of 

auditory nerve c e l l s  i n  b inaura l  phenomena d i f f e r e n t  from these f o r  

monaural detect ion.  

occurs i n  narrowing the bandwidth f o r  monaural detect ion,  whereas 

probably only t h e  f i l t e r i n g  provided by the  mechanical ac t ion  of 

the  basilar membrane determines the bandwidth f o r  b inaura l  de tec t ion .  

1 1  
Neural "funneling", as Bekesy calls it, probably 

Binaural E l e c t r i c a l  Models and Detection 

Several  e l e c t r i c a l  models of t h e  b inaura l  de tec t ion  mechanism 

have been t e s t e d  i n  psychophysical experiments, i n  an attempt t o  

r ep l i ca t e  human performance. Two such models have been run as 
subjec ts  along w i t h  three human observers i n  a 2AFC experiment. 

The first model converts the  i n t e r a u r a l  time d i f fe rence  produced 

when a s igna l  is  added ant iphas ica l ly  t o  an in-phase noise i n t o  a 

voltage which i s  averaged and sampled a t  t h e  end of the observation 

in t e rva l .  To avoid per fec t  performance when t h e  noise is  i n  

phase at  the two ears and t h e  s igna l  reversed i n  phase a t  one ear, 

a small amount of uncorrelated noise  i s  introduced i n t o  one channel 

of the  model. 

duction of waveform i n t o  nerve impulses. The model yields 

psychometric funct ions which f i t  human funct ions e i t h e r - a t  high 

s igna l  l e v e l s  or a t  low, depending upon t h e  noise co r re l a t ion  used. 

It has not been possible  w i t h  t h i s  device t o  f i t  human performance 

over t h e  whole range of t h e  psychometric func t ion ,  This f a c t  may be 

t h e  result of  a major inadequacy of t h e  model. 

This simulates t h e  "noisiness" of the s u b j e c t ' s  t rans-  

It takes i n t o  account 

the time d i f fe rences  based on axis crossings,  but  it fails  t o  make 
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use of differences i n  l eve l  which r e su l t  from adding the s igna l  

t o  the noise. A second model, based on Durlach's Equalization- 

Cancellation model, has so far f a i l e d  t o  perform as w e l l  as the  one 
j u s t  described. A t h i r d  model employing the  crosscorrelat ion 

between the  two earphone channels i s  under consideration and w i i l  be 

s imi la r ly  employed if some of i t s  present weaknesses can be 

eliminated, 

Monaural Phenomena 

Effect  of "Vigilance" i n  an Auditory Detection Experiment 

Many attempts t o  improve detect ion by a manipulation of t he  

values and cos ts  matrix have f a i l ed  t o  produce an appreciable 

improvement i n  detection over a block of t r ia l s .  The present experi- 

ment w a s  undertaken with the  idea t h a t  enhanced vigilance i s  a 

condition which can be maintained f o r  only a short  s t r e t c h  of time. 

Accordingly, ce r t a in  t r ia l s  were selected as the  "important" tr ials 

and t h e i r  presence w a s  signaled t o  the  subject by means of a l i g h t .  

In  the f i r s t  experiment, the  subject  w a s  t o l d  t h a t  these were the 

important t r ia ls  and that  he must be pa r t i cu la r ly  ca re fu l  t o  

respond correct ly  ( i n  a 2AFC s e t t i n g ) .  

fa i led t o  reveal  any improvement On the  "important" trials. 

experiments involved various schedules of punishment f o r  incorrect  

responses on the  indicated t r ia l s .  The punishment was a mild shock 

(1.6 mA) applied t o  the  ankle, and t h e  experiments d i f fe red  i n  t h e  

number of successive trials t h a t  were included i n  t h e  c r i t i c a l  block. 

AS-10088 shows the  r e s u l t s  of one experiment where the number of 

"important" trials w a s  f o u r .  
could occur i n  any of t h e  four  trials. The r e s u l t s  show a subs tan t ia l  

improvement by the second trial, but a f a l l i n g  o f f  a f t e r  that .  

post-shock t r ia l s  showed a considerable decrement for two of the 

subjects w i t h  a gradual re turn  t o  a normal l e v e l  of performance. 

This  preliminary experiment 

The next 

The shock for  an incorrect  response 

The 

The 
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f i rs t ,  points on t h e  graph are  the  average f o r  t h e  preceding 16 days 

of t r a in ing  without the  interpolated t r ia ls .  The findings show t h a t  

improved detect ion can be achieved f o r  a very shor t  time but is  not 

maintained. The average f o r  t he  whole block of trials w a s  the same 

with and without the  shock. 

Width and Shape of the "Cr i t ica l  Band" Involved i n  Masking 

There i s  considerable d ispar i ty  i n  t h e  estimates of the width 

of the  " c r i t i c a l  band" t o  be found i n  the  l i t e r a t u r e .  The present 

study was undertaken t o  obtain a b e t t e r  idea of both the  width and 

the  shape of the  band of frequencies involved i n  masking a 500 Hz 
signal .  It employed a set of high-pass and a s e t  of low-pass f i l t e r s  

i n  order t o  approach the  s igna l  frequency from one s ide  a t  a time. 

The resu l t s ,  which are being prepared f o r  publication, show t h a t  t he  

shape of the  e a r ' s  f i l t e r  i s  d i s t i n c t l y  unsymmetrical, having much 
higher s k i r t s  on the  low-frequency s ide  than on the  high, and that 

the  equivalent rectangular width i s  of t h e  order of 50 t o  80 Hz. 

important f inding appears t o  be t h a t  subjects  d i f f e r  i n  t h e i r  band- 

widths. 

t o  improve a t  considerably wider bandwidths than the o thers .  That 

is, he required l e s s  narrowing of t h e  masking noise t o  show improve- 
ment than did the others .  

is the  detection of a tona l  signal,  t h e  Fletcher-type estimates of 

bandwidth are appropriate.  

One 

One subject who performed more poorly than the  others  began 

Apparently i n  experiments where t h e  t a s k  

Models: E lec t r i ca l  and Mathematical 

The mzthematical theory of s igna l  de t ec t ab i l i t y  (TSD) is  based, 

i n  t h e  usual derivations,  on sampling theory--on taking a s e r i e s  of 

2wT samples of noise ( N )  o r  noise plus s igna l  ( S N ) ,  where T i s  the  

temporal duration of the  sample. There i s  some confusion about t he  

meaning of W. Some wr i t e r s  treat it as i f  it were t h e  bandwidth of 
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t h e  masking components of t he  noise ( t h e  c r i t i c a l  bandwidth 

t reat  W as i f  it were t h e  bandwidth measured from zero, i . e  

it w e r e  t h e  highest  frequency present i n  t h e  noise sample. 

case, N and SN are sampled i n  t h e  same way and f o r  t h e  same 

; others  

, as i f  

I n  any 

durat ion.  

These assumptions immediately lead  us  i n t o  t rouble  when w e  attempt 

t o  apply t h e  theory t o  human observers or t o  e l e c t r i c a l  models. The 

assumption t h a t  N and S N  are sampled s imi l a r ly  means t h a t  they are 

sampled after being f i l t e r e d ,  t h a t  is, t h a t  t h e  gate  follows t h e  

f i l t e r .  

e a r  and t h e  ga t ing  i n  advance of t h e  earphone. 

responses of t h e  f i l t e r  become involved. The mathematical theory 

neglects  t h i s  aspect of hearing. Also,  when w e  consider t h e  very 

common experimental condition where t h e  noise i s  continuous and only 

I n  hearing, t h e  f i l t e r i n g  i s  presumably being done by t h e  

Thus, the t r a n s i e n t  

t h e  s i g n a l  is  gated f o r  a time, T, we a r e  forced by t h e  mathematical 

theory t o  assume tha t  somehow t h e  subjec t  is  ab le  t o  ga te  t h e  noise 

i n  t h e  same way tha t  t h e  experimenter gates  t h e  signal--a not very 

r e a l i s t i c  assumption. The question of when and how long t o  sample 

becomes one of major concern when dea l ing  with a physical model of 

t h e  auditory system. 

The Role of Signal Duration 

The c l a s s i c  study of the- r o l e  of duration i n  t h e  de tec t ion  of 

a gated s igna l  i n  a continuous noise  background w a s  made by Green, 

Bi rdsa l l ,  and Tanner (1957). 
of  various durations and used a four - in te rva l  forced choice procedure 

f o r  determining t h e  observers' d ' s .  Their bas ic  f ind ing  w a s  t h a t  

observers d i d  bes t  over a range of durations from about 20 msec t o  

about 200 msec, and f e l l  o f f  r a t h e r  sharply f o r  durations much longer 

or s h o r t e r  than these .  . 

They employed a constant-energy s i g n a l  

We attempted t o  r e p l i c a t e  t h e  r e s u l t s  on s i g n a l  duration by 

means of an e l e c t r i c a l  model which consisted of a narrow f i l t e r ,  a 
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half-wave r e c t i f i e r ,  and a post detection (envelope) f i l t e r .  

t he  post detection f i l t e r  had the  short  time-constant needed t o  

obtain a c lose- f i t t ing  envelope, t h e  data f a i l ed  t o  resemble those 

of t h e  experiment by Green e t  a l .  

across a range of durations, t he  data showed a decided peak a t  a 

duration that  w a s  t he  reciprocal of t he  f i l t e r  bandwidth. It w a s  

only when we increased the  time-constant of t he  post detect ion f i l t e r  

t o  50 or 100 msec t h a t  we succeeded i n  rep l ica t ing  the  psychophysical 

data. This time constant is  of t h e  same magnitude as that  arr ived 

a t  by Zwislocki from a very d i f f e ren t  set of experiments. 

When 

Ins t ead  of being reasonably f la t  -- 

Drawing AS-66-368-S shows the  results of the  f i n a l  series 

of experiments. The c i r c l e s  show t h e  averages f o r  t h e  subjects of 

t h e  experiment by Green, Birdsal l ,  and Tanner; the t r iangles ,  t he  

data obtained w i t h  the  model using a half-wave r e c t i f i e r ;  and the 

squares show the  e f f ec t  of employing a square-law (energy) detector  

instead of the half wave, When the  t ene t s  of TSD are more nearly 

observed, by gating both the  masking noise and the  s igna l  i n  the  

same way, t he  so l id  c i r c l e s  were obtained. This suggests t h a t  i f  

subjects are  presented with gated noise and s igna l  they should 

perform be t t e r ,  f o r  a constant-energy signal,  when both the  noise 

and s igna l  are gated than when t h e  noise i s  continuous and only 

the s igna l  i s  gated. 

Gated Noise and Signal 

Following the  lead suggested by the  previous drawing, w e  

undertook an experiment i n  which subjects were presented s ignals  

of various duration but of constant-energy both wi th  continuous noise 

and with noise gated for t he  same duration as t h e  s igna l .  

shows the averages f o r  th ree  subjects .  It w i l l  be seen t h a t  t h e  

subjects did perform b e t t e r  with gated noise than w i t h  continuous. 

They did not show, however, as the  model did, continued improvement 

for gated noise and s igna l  at  t h e  shor t  durations.  

AS-66-1036-S 
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Dr. John Whitmore ( a  postdoctoral  student here) suggested t h a t  

detect ion of a s i g n a l  i n  a b r i e f  gated noise i s  a very d i f f i c u l t  

judgment, and tha t  possibly our findings would be d i f f e r e n t  with 

highly t r a ined  subjec ts  . 
t r a ined  observers, with the  r e s u l t  t h a t  t he  predicted improvement i n  

performance as t h e  s igna l  was shortened w a s  ac tua l ly  observed. The 

subjec ts  d id  b e t t e r  a t  5 msec than at 10 and b e t t e r  a t  10 than a t  

20 or  50. 

The experiment w a s  therefore  repeated using 

The r e s u l t s  a r e  being prepared f o r  publ icat ion.  

E l e c t r i c a l  Model as a Predic tor  of  Observers' Responses 

Since t h e  e l e c t r i c a l  model appeared t o  s imula t e  human 

performance i n  severa l  important respects ,  it w a s  employed as a 

subject  along with human observers i n  severa l  psychophysical experi- 

ments. 

as a subject  with a human observer i n  a yes-no experiment ( fou r  

subjects  were t e s t e d  i n  t h i s  way). 

responses b e t t e r  than whether t he  s i g n a l  w a s  present  o r  not .  

proved t o  be a b e t t e r  pred ic tor  than another e l e c t r i c a l  measure of 

t h e  s t i m u l u s .  This w a s  a peak device t h a t  recorded the l a r g e s t  

envelope peak t h a t  occurred during t h e  250 msec observation i n t e r v a l .  

Both noise and s igna l  were gated f o r  250 msec. The two e l e c t r i c a l  

measures showed a cor re la t ion 'of  0.5 t o  0.6 f o r  t h e  250 msec durat ion.  

Shorter  durat ions increased the  co r re l a t ion  t o  near uni ty  f o r  very 

shor t  durat ions.  

e l e c t r i c a l  measures t o  be reasonably independent wi th  t h e  p o s s i b i l i t y  

t h a t  they would respond t o  d i f f e r e n t  aspects  o f  t h e  st imulus and 

would predic t  t he  subjec ts '  responses b e t t e r  than e i t h e r  measure 

alone. 

t h e  predict ions of t h e  o the r  e l e c t r i c a l  model. 

I n  t h e  f i rs t  experiment (by Thomas L .  Nichols) it w a s  run 

It proved t o  pred ic t  t h e  subjec ts '  

It a l s o  

The 250 durat ion w a s  chosen t o  permit t h e  two 

Actually, t h e  peak de tec to r  added only about one percent t o  

A second experiment w i th  t h e  model was ca r r i ed  out - - th i s  t i m e  

employing it with three human observers i n  a 2AFC experiment using 
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seven leve ls  of s ignal ,  and w i t h  some trial on which noise alone w a s  

presented i n  both in te rva ls .  Table I1 shows the  resu l t s .  

Table I1 

12.8 98.8 92.6 92.4 88.9 99.4 99.1 

7.6 91.3 80.4 80.8 76.6 94.1 94.4 

5.7 87.3 76.2 77.6 75 *2 91.1 93.2 

4.8 85.4 72.8 73.6 70.3 87.4 89.8 

4.0 79.3 67.2 71.8 70.1 78.7 86.4 

3.1 77.0 65.9 72.0 66.5 78 ' 6  88.3 

2.5 71.3 60.1 66.1 60.7 68.9 81.7 

0.0 50.0 30.0 65 .o 63 .o 30.0 81 -9 

The first colimn is  the s igna l  employed, ranging from an E/No 

of 12.8 t o  zero--noise alone presented i n  both in t e rva l s .  

column i s  t h e  percentage correct  f o r  t h e  model, and the  t h i r d  i s  the 

average percentage correct  f o r  t h e  three subjects .  It w i l l  be seen 

t h a t  the model y ie lds  superior  detect ion throughout t h e  range of 

stimuli. Recent work has shown that w e  could have obtained a more 

nearly human f a l l i b i l i t y f r o m  t h e  model by employing a shor te r  time 

The second 

constant i n  t h e  post detect ion f i l t e r .  

The fourth column is the  percentage of agreement between t h e  

model and t h e  average of the  three observers. 

t h e  model's predict ion of the  subjects '  responses is  b e t t e r  than 

t h e i r  percent cor rec t ,  That is  t o  say: t he  model is  predict ing 

It w i l l  be seen that 
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t h e i r  response b e t t e r  than t h e  presence of t h e  s igna l  does. When no 

s igna l  occurs i n  e i t h e r  in te rva l ,  t h e  model predicts  t h e i r  responses 

67% of t h e  t ime, 

The f i f t h  column is  t h e  average percentage of agreement between 

one observer and t h e  other  two. Comparing t h i s  column wi th  column 

f i v e  shows that t h e  model pred ic t s  t h e  responses of t h e  human subjects  

b e t t e r  than they predict  each other .  

The s i x t h  column i s  t h e  percentage of cor rec t  responses made by 

t h e  subjects  t o  t h e  s t imul i  on which a l l  th ree  agreed, whether r igh t  

o r  wrong. The column s h m s  that the  percentage cor rec t  for t h e  

stimuli on which t h e  th ree  observers agree i s  considerably higher 

than t h e i r  percentage cor rec t  f o r  a l l  of t h e  s t imul i .  This i s  of 

course t o  be expected--the mult iple  observer is  b e t t e r  than t h e  

s ing le  observer. The last column shows t h e  agreement of t he  model 

wi th  the  subjects  on those s t imul i  where t h e  subjects  a l l  agree.  

Again t h e  percentages are higher.  

t h e  model agrees with t h e  three  subjec ts  on more than 80% of the 

t r i a l s .  

Even when no s igna l  i s  present, 

We may conclude t h a t  t h e  model is  apparently responding t o  t h e  

aspect of t h e  stimulus most important i n  human s igna l  detection, a 

considerably smoothed representat ion of t h e  stimulus envelope. 

A Mathematical Model of Monaural Detection 

I n  a recent,  b r i l l i a n t  paper, McGill (1967) has shown t h a t  t he  

r e s u l t s  of an ea r ly  experiment by Marill (1964) can be explained i n  

terms of  an energy de tec tor  model. Marill had employed an envelope 

detector  i n  his der ivat ions and had ar r ived  a t  a formula f o r  pre- 

d i c t ing  t h e  percentage of cor rec t  responses i n  a two-alternative,  

forced-choice experiment. McOill a r r ives  a t  t h e  same formula by way 
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of an energy detector .  He assumes that a narrow band of noise, or 
noise plus signal,  is  gated f o r  a time T, t he  resu l t ing  voltage is  

squared and then integrated.  The integrator  i s  discharged between 

observations. From the s t a t i s t i c s  of this device he derives Marill's 

equation. 

made by Marill i n  f i t t i n g  h i s  t heo re t i ca l  function t o  human observers 

a re  inappropriate, and t h a t  a b e t t e r  adjustment can be made by 

assuming a d i f fe ren t  number of degrees of freedom i n  the  probabi l i ty  

functions. He shows that the Rayleigh-Rice s t a t i s t i c s  employed by 

Marill can be replaced, and more generali ty achieved, by employing 

the  noncentral chi- square d is t r ibu t ion .  

He then goes on t o  show t h a t  t he  bandwidth assumptions 

- 

The e l e c t r i c a l  model we have been discussing is capable not 

only of voting i n  a 2AFC experiment but, by recording samples of 

i t s  output, of generating the  d is t r ibu t ion  functions of i t s  under- 

lying s t a t i s t i c s ,  We f ind  t h a t  i f  we sample the noise d is t r ibu t ions  

measured a t  the  output of t he  post detection f i l t e r ,  we obtain an 

probabili ty density function which resembles, but d i f f e r s  from, the  

Rayleigh d is t r ibu t ion .  It i s  less skewed, but s t i l l  has considerable 

skewness. It does not resemble any chi-square d is t r ibu t ion .  The 

resemblance t o  the Rayleigh d is t r ibu t ion  suggests t h a t  the appropri- 

ate function would be a Rayleigh-like d is t r ibu t ion  with more degrees 

of freedom, and t h i s  proves t o  be a special  case of t he  ch i  density 

function. AS-67-1551 shows a - ch i  d i s t r ibu t ion  w i t h  14 deg of freedom 

The points represent 10,OOO samples of t h e  output of t he  post- 

detection f i l t e r .  

- 

- 

Since the  - ch i  d i s t r ibu t ion  f i ts  the  data  f o r  noise alone, t he  

next question i s  whether t he  noncentral ch i  d i s t r ibu t ion  with the  

same number of degrees of freedom w i l l  f i t  t h e  data  f o r  noise plus 

s ignal .  

- 
AS-67-1552 shows t h e  resu l t ing  "psychometric" function. 

The abscissa i s  signal-to-noise r a t i o  and the  ordinate is the  

difference of means divided by t h e  standard deviation of the  
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difference.  The f i t  appears t o  j u s t i f y  the  assumption about t h e  

appropriateness of t h e  d i s t r ibu t ion  functions.  

Noncentral Chi Dis t r ibu t ion  and Psychometric Data 

Drawing No. AS-67-1553 shows t h e  same - ch i  d i s t r i b u t i o n  and 

another with 10 deg of freedom along wi th  da ta  f o r  Marill's two 

subjects .  It w i l l  be seen t h a t  one of t h e  subjects  f i t s  the  curve 

f o r  v = 7 (14 deg of freedom) very w e l l .  

requires  fewer degrees of freedom and even then y ie lds  a ra ther  ragged 

fit. Apparently t h e  parameters chosen f o r  t h e  e l e c t r i c a l  model 

(50 Hz bandwidth and a time constant f o r  t h e  post detect ion f i l t e r  

of 50 msec) correspond reasonably w e l l  wi th  t h e  parameters employed 

by t h e  first subjec t ,  The da ta  f o r  t h e  second subject  requires  t h e  

assumption t h a t  he employs e i the r  a wider f i l t e r  (Marill's conclusion) 

or t h a t  h i s  in tegra t ion  t i m e  is shor te r .  A t  t h e  present state of 

our knowledge of individual  differences it is  not possible  t o  decide 

which (or both) .  

suggests t h a t  nonstimulus f ac to r s  a re  inf luencing h i s  behavior, 

a t t en t ion  lapses ,  indecision about which button t o  press,  e t c .  

The o ther  subject  apparently 

The raggedness of t h e  second s u b j e c t ' s  f i t  a l s o  

The r a the r  surpr i s ing  agreement between t h e  da t a  f o r  the model 

and for one of Marill's subjects  suggests that t h i s  subject ,  l i k e  

t h e  model, is governed i n  h i s  responses almost wholly by t h e  sta- 

t i s t i c s  of t h e  st imulus.  The parameters chosen f o r  t h e  d i s t r i b u t i o n  

employed are we l l  within t h e  range of values estimated f o r  de tec t ion  

experiments--a " c r i t i c a l "  bandwidth of 50 Hz and a time constant of 

50 msec. The la t te r  is  the  f igu re  recent ly  reported by Zwislocki for  

t h e  audi tory system. 

The s tudies  wi th  %he model and the mathematical developments 

were published i n  the  Journal of the  Acoustical Society of  America 

f o r  July 1968. 
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V. ABSTRACTS 

Receiver-Operating Character is t ics  Determined by a Mechanical 
Analog t o  t h e  Rating Scale. Charles S. Watson, Mark E. Ri l l ing ,  and 
Walter T. Bourbon.--In one port ion of a fixed-interval-observation 
experiment, observers indicated t h e i r  cer ta in ty  t h a t  a 500-cps s igna l  
had been presented i n  a thermal-noise background by posit ioning a 
s l i d e r  after each in t e rva l .  In  a second portion of t h i s  experiment, 
t he  observers responded by making binary decisions. 
were t r ea t ed  as typ ica l  confidence ra t ings ;  t h e  conditional probabi l i ty  
of a given r a t ing  or of one indicat ing greater  confidence, given s igna l  
plus noise ,  was p lo t ted  against  t h e  probabi l i ty  of these r a t ings ,  given 
noise alone. 
divided i n t o  th i r ty-s ix  posi t ions,  were f i t  closely by t h e  receiver- 
operating charac te r i s t ics  ( R O C ' s )  of t he  theory of s igna l  de tec tab i l i ty .  
A psychophysical model using two s t ra ight - l ine  segments did not provide 
a good approximation t o  these data.  Values of d '  were generally lower 
f o r  t he  r a t ing  procedure than f o r  the  binary-decision procedure. 
use of a la rge  number of r a t ing  categories did not r e s u l t  i n  large 
increases i n  information transmitted by t h e  observers, but it did 
provide t h e  desired f i n e  resolut ion of t h e  R O C ' s .  

S l ider  posi t ions 

Functions produced i n  t h i s  manner, f o r  a r a t ing  sca le  

The 

Stimulus-Oriented Approach t o  Detection. Lloyd A. J e f f r e s s .  
Distr ibut ion curves for  amplitude (envelope), drawn f o r  noise and fo r  
noise plus s ignal ,  provide t h e  basis  fo r  determining the  proportion 
of area (p robab i l i t i e s )  lying above various "cr i ter ion" leve ls .  
Probabili ty pa i r s  P(y In) and P(y 1 s n )  fo r  various c r i t e r ion  leve ls  
furnish t h e  coordinates of points generating ROC curves, which, because 
of t he  skewness of t h e  d is t r ibu t ions ,  show a s l i g h t  curvature when 
p lo t ted  on normal-normal paper. This curvature (concave downward) 
provides a better f i t  t o  detection data  obtained from rating-scale 
experiments than do t h e  s t r a igh t  l i nes  obtained from normal curves. 
The ROC curves belong t o  a family derived through the  theory of s igna l  
de t ec t ab i l i t y  f o r  t h e  idea l  observer i n  t h e  case where s igna l  phase 
i s  unspecified. The f a c t  t h a t  t h e  dkstribution f o r  noise-plus-signal 
amplitudes has,  i n  general, a la rger  variance than tha t  f o r  noise 
alone explains why many experiments f ind  t h e  r a t i o  of o t o  CJ t o  be sn n 
grea te r  than uni ty .  A detection measure d derived f romthe  two 

d i s t r ibu t ion  curves , when p lo t ted  against s igna l  amplitude i s  a 
s t r a igh t  l i n e  over most of i t s  course but bends i n  t o  the  or ig in  f o r  
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w e a k  s ignals .  Its failure t o  touch t h e  pos i t ive  abscissa supports 
t h e  TSD argument against  t h e  threshold hypothesis. A second curve, 
derived from t h i s  one, provides a convenient way of determining the  
s igna l  required t o  y i e l d  a pa r t i cu la r  value of d when t h e  s igna l  

t h a t  y ie lds  some other value of d i s  known. F ina l ly ,  t he  concept 

of "effect ive bandwidth" i s  developed , and provides a s ingle  parameter 
f o r  use i n  f i t t i n g  detection data.  Data give some support f o r  t h e  
notion that the  auditory system adjusts  i t s  bandwidth i n  accordance 
with t h e  duration of t h e  s ignal .  

S' 

S 

Effect of Phase Difference between Signal and Masker on Detection 
of a Narrow-Band Noise Signal. Mark E. R i l l i ng  and Lloyd A. Jeffress. 
In  a comparison of t ona l  and narrow-band s igna ls ,  reported by t h e  
authors i n  1964, t h e  masking l e v e l  differences ( M L D ' s )  f o r  t h e  two 
s ignals  were the  same f o r  corresponding phase s h i f t s .  Earlier, Hirsh 
and Webster reported differences fo r  s imilar  conditions. In  the  
authors '  experiment, there  w a s  a random phase difference between the  
s igna l  and masker s ince separate noise generators provided the  s igna l  
and noise,  while Hirsh and Webster's s ing le  noise generator gave a 
f ixed phase difference between t h e  s igna l  and masker. In  t h e  present 
experiment, a s ingle  noise generator w a s  used and t h e  phase difference 
between the  s igna l  and masker w a s  sh i f t ed  i n  phase by 30' steps between 
0' and 180'. 
presented i n  phase at  the ears  and reversed i n  phase a t  one ear. Data 
a re  presented as MLD's r e l a t i v e  t o  the  signal-in-phase condition f o r  
each s igna l  masker phase difference.  The MLD's  increase monotonically 
from 13 dB a t  Oo t o  18.5 dB at  180~. 

For each s igna l  masker phase difference,  t he  s igna l  w a s  

Theoretical  and Obtained ROC Curves f o r  Antiphasic Stimulation. 
Lloyd A. Jeffress, Charles S. Watson, Mark E. R i l l i ng ,  and 
Walter T.  Bourbon.--The ROC curves of t h e  paper [Watson, Ri l l ing ,  
and Bourbon, "Receiver-Operating Character is t ics  by Rating Scale f o r  
Antiphasic Stimulation,"] f o r  t h e  d io t i c  stimulus condition can be 
f i t t e d  closely by theo re t i ca l  curves derived from amplitude distribu- 
t ions  f o r  noise and noise plus s ignal .  The ROC curves f o r  t h e  
antiphasic condition NO ST cannot; nor can they be f i t t e d  by theo- 
r e t i c a l  curves derived from normal d is t r ibu t ions .  They can, however, 
be f i t t ed  reasonably w e l l  by theo re t i ca l  curves based on t h e  idea 
t h a t  t he  stimulus, now, i s  in t e rau ra l  t i m e  d i f ference,  t h a t  t h e  
noise i s  neural  ''noise" resu l t ing  from t i m e  uncertainty of neural  
f i r i n g ,  and t h a t  t h e  s igna l  i s  t h e  in t e rau ra l  t i m e  dif ference t h a t  
results from adding t h e  tona l  s igna l  ant iphasical ly  t o  narrm-band, 
acoustic noise. 

Receiver-Operating Character is t ics  by Rating Scale f o r  Antiphasic 
Stimulation. Charles S. Watson, Mark E. Ri l l ing ,  and Walter T. Bourbon. 
This paper describes t h e  rep l ica t ion  by t h e  same authors of an 
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experiment that was reported earlier [J. Acoust. Soc. Am. 36, 283-288 
(1964)], 
employing an antiphasic stimulus condition NO Sn. The equipment, a 
mechanical, rating-scale device, was the same as used formerly, and 
with the same procedure. The new ROC curves are strikingly different 
from those obtained earlier for the same subjects under the diotic 
stimulus condition NO SO, and imply substantially different noise and 
noise-plus-signal distributions. 
to be a useful tool in discovering the nature of the underlying 
distributions for noise and noise plus signal. 

The replication differs from the original experiment in 

The rating-scale procedure appears 

Detection of Lateral Movement under Antiphasic Masking Conditions. 
Ervin R. Hafter, Walter T. Bourbon, Anne S. Blocker, and Ann Tucker. 
In a discussion of Binaural Phenomena of Masking, Jeffress, Blodgett, 
Sandel, and Wood [J. Acoust. SOC. Am. 28, 416 (195611 suggested that 
detection under the antiphasic condition, NO Sn, results because the 
noise plus signal moves from the median plane previously occupied by 
the noise. The direction of the movement is random, but the amount 
of movement depends upon the amplitude of the signal relative to the 
noise. In the present study, listeners were presented with gated, 
500 cps tones, 180° out of phase at the ears, in the presence of a 
continuous diotic noise, and asked to indicate the lateral displace- 
ment of the resulting stimulus. Distributions of their lateralization 
responses were obtained for several signal levels and showed reasonably 
good agreement with prediction. 

Auditory Sensitization and the Method of Interpolated Trials. 
Charles S. Watson and Ben M. Clopton.--Recent neurophysiological 
evidencesuggeststhat the sensitivity of receptors may be varied 
through efferent control. A psychophysical method, a "method of 
interpolated trials," has been devised for the study of such changes 
in sensitivity. The method is intended to measure short-term changes 
(in the order of seconds, rather than minutes or hours) in a listener's 
ability to detect signals in a noisy background, where the heightened 
sensitivity is elicited on demand by the experimenter. Observed 
effects, which are consistent with the hypothesis of efferent controls, 
are found to be generally small, less than might be caused by a 2- or 
3-dB increment in the level of a tonal signal. 

Short-Term Changes in Auditory Sensitivity for Human Observers. 
Ben M. Clopton.--Short-term increments in auditory sensitivity 
equivalent to signal increments of about 2 dB were found. 
of monetary reward was ineffective in producing the increments, but 
the immediate threat of shock produced them in nine observers. The 
Method of Interpolated Trials was introduced as a means of measuring 
the transient changes in sensitivity. Neurophysiological evidence was 
partially responsible for initiating the investigations, and latencies 
as short as one second indicate that the behavioral findings do have 
neural correlates. The results suggest an upper limit on observer 
performance, and the theoretical significance of this predicted limit 
is discussed. 

The promise 
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Time-Intensity Equivalence i n  Auditory Lateral izat ion:  
A Graphical Method. Charles S. Watson and Brant T. Mitt1er.-- 
A graphical response was  used t o  es tab l i sh  equivalent b inaura l t ime-  
and intensity-differences i n  auditory l a t e ra l i za t ion .  For i n t ens i ty  
differences less than about 4.5 dB a constant equivalence of approxi- 
mately 60 psec per dB i s  found, fo r  500 cps tona l  pulses.  For l a rge r  
i n t ens i ty  differences more t i m e  per dB i s  required. 

The U s e  of Multiple Signal Levels i n  a Study of t he  Relationship 
between Signal Level and t h e  Detectabi l i ty  Index, d ' .  Anne S. Blosser. 
A psychoacoustical procedure employing multiple s igna l  l eve l s  w a s  
u t i l i z e d  i n  an attempt t o  1) c l a r i f y  t h e  re la t ionship  between d' and 
s igna l  voltage and 2 )  provide a method of converting a s igna l  (dB SPL) 
and i t s  obtained de tec t ab i l i t y  t o  a s igna l  which would have yielded a 
d' of some f ixed value. Results obtained from t h e  use of multiple 
s igna l  l eve l s  were considerably more var iable  than r e s u l t s  obtained 
using s ingle  s igna l  leve ls .  Effects of b i a s ,  time, adaptation-level, 
context, sequence, prac t ice ,  and motivation a re  investigated t o  ac- 
count f o r  t h i s  va r i ab i l i t y .  Implications f o r  detection theory a re  
discussed. 

Lateral Geniculate Responses t o  Sh i f t s  i n  Light In tens i ty :  
Adaptation Effects .  Gerald H. Jacobs.--Single u n i t s  i n  t h e  l a t e r a l  
geniculate nucleus of t he  monkey which transmit information about t h e  
brightness of a stimulus l i g h t  a r e  of two types;  some show an increase 
i n  f i r i n g  r a t e  t o  a l l  spec t ra l  s t imuli  (broad-band on c e l l s ) ,  others 
respond with a decrease i n  f i r i n g  rate (broad-band inh ib i to r s ) .  The 
behavior of these two classes  of c e l l s  i n  response t o  stepped s h i f t s  
i n  l i g h t  i n t ens i ty ,  both increments and decrements, from a given 
adaptation in t ens i ty  has been examined. The on c e l l s  respond with 
an increase i n  f i r i n g  rate t o  increments i n  stimulus in t ens i ty ;  they 
respondwith a decrease i n  f i r i n g  r a t e  t o  decrements i n  stimulus 
in tens i ty .  Inhibi tory c e l l s  behave i n  t h e  opposite manner. The 
response t o  a spec i f ic  stimulus in t ens i ty  i s  dependent on t h e  inten- 
s i t y  of t h e  adaptation l i g h t .  
and t h e  s i ze  of t h e  stimulus s h i f t  shows cha rac t e r i s t i c  changes as 
a function of t h e  adaptation in tens i ty .  
i n t e n s i t i e s  over which any c e l l  shows good d i f f e ren t i a t ion  i s  usually 
not more than k1 log  un i t  around the  adaptation in tens i ty .  An index 
of t h e  discriminatory ab i l i ty  of these c e l l s  has been derived, based 
on t h e  differences between t h e  inhibi tory and exci ta tory responses 
fo r  any given stimulus s h i f t .  

The re la t ionship  between f i r i n g  r a t e  

The t o t a l  range of s h i f t  

Effect of Bandwidth of Masking Noise on Detection of Homophasic 
and Antiphasic Tonal Signals. Walter T. Bourbon and Lloyd A. J e f f r e s s .  
Langford and Jeffress [ J .  Acoust. SOC. Am. 36, 1455-1458 (1964)] report  
evidence t h a t  t h e  bandwidth involved i n  masking an antiphasic s igna l ,  
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NO SIT, i s  considerably wider than t h a t  involved i n  monaural or 
homophasic masking. The present paper describes a study of t h e  
e f f ec t  of narrowing t h e  noise band used f o r  masking a 500-cps t o n a l  
s igna l  from 100-3000 cps t o  about 1 0  cps i n  width. The same band 
of noise was  employed f o r  both t h e  d io t i c  conditions NO SO and t h e  
antiphasic NO SIT. I n  t h e  former case, no improvement i n  detection 
occurred u n t i l  t h e  bandwidth w a s  less than about 150 cps, but i n  the  
l a t t e r  subs tan t ia l ly  increased MOD'S were found f o r  bandwidths as 
great  as 300 cps. The rate of improvement of detection under t h e  
antiphasic condition w a s  much more rapid as t h e  bandwidth w a s  
narrowed than w a s  t h e  case f o r  t h e  d io t i c  condition. The findings 
support von B<k&y's idea t h a t  some kind of neural  "funneling" 
assists i n  narrowing the  band of frequencies involved i n  monaural 
detection. 
on t h e  mechanical f i l t e r i n g  provided by t h e  cochlea without ass is tance 
from neural funneling. 

In  antiphasic detect ion,  t h e  bandwidth may depend so le ly  

Response Latency as a Criterion-Dependent Measure. 
Charles S. Watson.--The latency of responses t o  auditory s t imuli  i s  - 

proposed t o  be a jo in t  function of t he  t i m e  required t o  process 
sensory (auditory) information and of a c r i t e r i o n  adopted by t h e  
l i s t ene r .  This c r i t e r ion  appears t o  represent a compromise between 
accuracy and a speed of responding t h a t  i s  adjusted t o  meet the  
demands of a pa r t i cu la r  l i s t en ing  s i tua t ion .  Evidence i s  presented 
t h a t  l i s t e n e r s  can vary t h e i r  accuracy i n  a binary-decision, single- 
i n t e rva l  detection task  between nearly perfect  and nearly chance 
performance, as ins t ruc t ions  emphasize the  r e l a t i v e  d e s i r a b i l i t y  of 
accuracy o r  speed, with correspondingly la rge  changes i n  response 
la tenc ies .  
(1) latency as a measure of de t ec t ab i l i t y ,  ( 2 )  latency i n  complex 
react ions (those requir ing decisions about t h e  s t imulus) ,  and 
(3)  latency i n  simple reactions (those requiring no d i f f e r e n t i a l  
responses). 

The "latency cr i te r ion"  i s  discussed i n  r e l a t ion  t o  

Masking and Binaural Phenomena. Lloyd A. Jeffress.--The two 
chapters comprised i n  t h i s  report  w e r e  wr i t ten  f o r  publication i n  a 
book, Foundations of Modern Auditory Theory, t o  be edi ted by 
J. V. Tobias and E. D.  Schubert, and published by t h e  Academic Press.  

The f irst  chapter summarizes recent work on t h e  subject of 
masking, pa r t i cu la r ly  t h e  masking of t ona l  s ignals  by Gaussian noise. 
It discusses various theor ies  of masking and of auditory function 
with considerable emphasis on t h e  theory of s igna l  de t ec t ab i l i t y  (TSD) . 

The second chapter presents t he  vector theory of binaural  
unmasking, with some discussion of t he  possible underlying neuro- 
physiological machinery. 
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Narrow-Band Noise and Tones as Signals in Binaural Detection. 
Mark E. Rilling and Lloyd A. Jeffress.--Two experiments compare the 
effect of fixed and random phase relations between masker and signal 
in binaural masking. In Experiment 1, a comparison is made between 
interaural time delay and phase shift of a narrow-band-noise signal 
where the phase relations between the signal and the masker are random. 
The signal is Gaussian noise passed through a 50-cps filter centered 
at 500 cps. The masker is broad-band noise from a second noise 
generator. The conditions using noise as the signal are compared 
with the same conditions in which a 500-cps tone is the signal. A 
two-interval, forced-choice procedure was used to obtain MLD's 
(masking-level differences). The MLD increases rapidly as the 
interaural phase shift or interaural time delay increases. The 
MLD's for corresponding phase-shift and time-delay conditions are 
approximately the same for tonal and noise signals. 
a single noise generator is used and a comparison is made between 
NO SO and NO ST for various phase relations between the narrow-band- 
noise signal and the masker. The noise signal has the same bandwidth 
as in Experiment 1. The results show a substantial dependence of 
the MLD's on the signal-noise phase relation. 

In Experiment 2, 

Rating Scales and Two-State Threshold Models. Charles S. Watson 
and Walter T. Bourbon.--The use of rating-scale isosensitivity data 
for testing discrete, two-state detection models is admitted to be 
inappropriate, unless additional assumptions are made. It is suggested 
that simple assumptions may, in fact, be made by which this model may 
maintain its basic description of sensory processes and yet make predic- 
tions about rating results. The predictions are shown to produce the 
same isosensitivity curves (ROC curves) as did the original, two-choice 
version of the model. These functions do not describe the results of 
rating experiments. 

Effects of Adaptation on the Lateral Geniculate Response to Light 
Increment and Decrement. Gerald H. Jacobs.--Response characteristics 
of two types of cells in the lateral geniculate nucleus of the squirrel 
monkey have been examined in experiments in which the luminance of a 
stimulus is shifted in stepped increments and decrements from an adapta- 
tion luminance. These two types of cells are found to show opposite 
changes in discharge frequency in response to shifts in stimulus 
luminance: some respond with an increase in firing rate to increases 
in luminance and show a decrease in response rate when luminance is 
decreased; others behave in the opposite fashion. The magnitude of 
change of the response is graded according to the amount of change of 
the stimulus. For any cell, the direction of change of the response 
for a given change of stimulus is dependent on the adaptation luminance. 
The total range of change of luminance over which any cell shows a 
good differentiation is usually not more than k1 log unit around the 
adaptation luminance. An analysis of the discriminatory ability of 
these units as a function of adaptation luminance and the amount of 
change of the stimulus is presented. 
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S t a t i s t i c s  of In te raura l  Time Differences under Antiphasic 
Stimulus Conditions. Lloyd A. J e f f r e s s  and Aualey D. Gaston, Jr.-- 
A t  t h e  Austin meeting of t he  Society, Watson, Ri l l ing ,  and Bourbon 
[ J .  Acoust. SOC. Am. 36, 1991(A) (1964)] presented ROC curves 
obtained from subjec ts '  responses under one antiphasic condition NOSn. 
An attempt w a s  made t o  f i t  t h e i r  data  from theore t ica l ly  derived 
probabi l i ty  dens i t ies  f o r  noise and s ignal .  The s igna l  d i s t r ibu t ion  
was obtained by a ra ther  tedious numerical computation. The present 
paper shows examples of t he  in te raura l  time differences a r i s ing  under 
various antiphasic stimulus conditions. The d i s t r ibu t ion  f o r  dichoti-  
ca l ly  presented noise Nn i s  d i s t i n c t l y  p la tkur t ic .  The d i s t r ibu t ion  
obtained by adding a s igna l  NnSO i s  bimodal with greater  separation 
of t he  modes as the  s igna l  i s  increased. The d is t r ibu t ion  f o r  NOST 
has a density function t h a t  resembles t h e  Rayleigh d is t r ibu t ion  ana 
has zero frequency of occurrence of zero in t e rau ra l  t i m e  differences.  

ROC Curves from an E a r  Model. Lloyd A. J e f f r e s s  and 
Audley D.  Gaston, Jr.--Many invest igat ions have likened the  ear i n  
i t s  a b i l i t y  t o  detect  a tona l  s igna l  i n  noise t o  a narrow f i l t e r  
followed by a detector  mechanism. The present paper describes the  
performance of such a device, consisting of a 50-cps f i l t e r  centered 
at 500 cps 
r e c t i f i e r ,  
noise plus 
sampled a t  
reciprocal  
i s  near t o  
decreases. 

followed by an envelope f i l t e r .  The l a t t e r  i s  a half-wave 
and RC in tegra tor ,  and a low-pass f i l t e r .  Gated noise or 
s igna l  i s  presented t o  the  device and i t s  output i s  
each presentation. For a stimulus duration equal t o  the  
of t he  bandwidth of t he  f i l t e r ,  t he  eff ic iency measure n 
unity.  A t  longer and shorter  durations,  t he  eff ic iency 

The ROC curves yielded by t h e  device resemble those 
obtained with human subjects ,  and are  shaped l i k e  those fo r  t he  
idea l  detector o.? a s igna l  of unknown phase. 

Distributions of S i len t  Periods i n  Speech: S tu t t e re r s  versus non- 
S tu t te re rs .  Charles s. Watson and Laura R.  Love.--The d i s t r ibu t ion  
of s i l e n t  periods i n  speech (freqQency of occurrence of s i l e n t  periods 
as a function of t h e i r  duration) has been shown by other invest igators  
t o  be a s tab le  charac te r i s t ic  of t he  individual speaker, but these 
d is t r ibu t ions  d i f f e r  considerably among speakers. Data are presented 
t h a t  extend t h i s  f inding, previously establ ished f o r  s i l e n t  periods 
ranging from 0.5 t o  10.0 sec,  t o  in te rva ls  as b r i e f  as 0 .1  sec. S i len t  
periods between 0 . 1  and 0.5 sec i n  t h e  present da ta  a re  found t o  be 
even more e f fec t ive  than t h e  longer periods i n  distinguishing between 
speakers. Comparison between average d is t r ibu t ions  f o r  normal speakers 
and s t u t t e r e r s  shows unusually high numbers of b r i e f  s i l e n t  periods 
f o r  t h e  s t u t t e r e r s ,  which could not be a t t r i bu ted  t o  overt s tu t t e r ing .  
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Homophasic and Antiphasic Tonal Signals. Walter T. Bourbon, Jr.-- 
The mechanisms of auditory frequency analysis  and masking have been 
examined i n  many ways. A la rge  body of t h a t  research centers about 
t he  concept of t he  c r i t i c a l  band. The purpose of t h i s  study was  t o  
invest igate  t h e  ears' bandwidths f o r  homophasic and antiphasic detec- 
t i o n  a t  d i f fe ren t  stimulus in t ens i t i e s .  

The s igna l  used was  a 500 cps tone with a duration of 150 msec, 
gated with a rise-fall t i m e  of 25 msec. The s igna l  had a phase d i f -  
ference of Oo or  180° a t  t h e  two ears .  The masker was  thermal noise 
with spec t r a l  l eve ls  of 50, 45, and 30 dB. The bandwidth of t he  
masker w a s  varied from 2900 cps t o  12.6 cps . Eleven bandwidths were 
used a t  the  50-dB spec t ra l  l eve l ,  and s i x  at 45 and 30 dB. 
conditions run i n  t h e  study, a wide noise band with i t s  spec t r a l  
l e v e l  40 dB down from t h a t  of t h e  narrow-band masker w a s  used t o  
mask t h e  harmonics of t he  s ignal .  

In  a l l  

A two-interval forced-choice procedure w a s  used. In  order t o  
obtain M L D ' s ,  t h e  s igna l  l e v e l  necessary t o  produce a d '  of 
1 .5[P(c)  = 85%] w a s  determined f o r  t h e  d i o t i c  and dichot ic  conditions 
at each bandwidth. 

For t he  antiphasic condition, detection improved when t h e  noise 
w a s  narrowed t o  400 cps. 
detection with fur ther  narrowing of t h e  noise w a s  greater  a t  higher 
noise leve ls .  

The r a t e  and range of improvement i n  

The bandwidth of t h e  ear f o r  homophasic s ignals  w a s  narrower 
fo r  t he  lowest noise l e v e l ,  where it w a s  50 cps. The bandwidth f o r  
higher noise leve ls  w a s  400 cps. 

For narrow widths of t h e  masker, t he  rate of improvement f o r  
NOSO increased, while t h a t  f o r  NOSIT decreased. The possible shapes 
of f i l t e r s  which could produce t h e  data  of t h i s  study w e r e  discussed. 

The MLD's  obtained i n  t h i s  study supported the  work of Langford 
and Jeffress with two noise bandwidths and one spec t r a l  l eve l .  
present data  a l s o  supported t h e i r  contention and t h a t  of J e f f r e s s ,  
Blodgett, Sandel, and Wood, and Blodgett, Jeffress, and Taylor, t h a t  
t he  ears' bandwidth for  NOSIT must be wider than t h a t  f o r  NOSO. 
Possible sources of discrepencies between t h e  present data  and t h a t  
of other s tudies  of c r i t i c a l  bandwidth were discussed. 

The 

Responses of t h e  Lateral Geniculate Nucleus t o  Light Increments 
and Decrements and t h e  Encoding of Brightness. Gerald H. Jacobs.-- 
Two types of c e l l s  i n  t h e  l a t e r a l  geniculate nucleus of t h e  monkey 
which transmit information s igna l l ing  stimulus brightness show 
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opposite changes i n  f i r i n g  rate when t h e  luminance of a stimulus 
l i g h t  i s  sh i f t ed  up or down. The observation suggests t h a t ,  i n  t he  
s i t ua t ion  where the  stimulus i s  rapidly changed i n  luminance, it i s  
more l i k e l y  t h e  difference i n  f i r i n g  r a t e  between these two types of 
un i t s  than t h e  t o t a l  a c t i v i t y  t h a t  i s  u t i l i z e d  t o  code brightness.  
A similar mechanism may operate t o  characterize t h e  response t o  steady- 
s t a t e  st imulation. 

Effect of Signal Duration on Detection f o r  an E lec t r i ca l  Model. 
Lloyd A. J e f f r e s s  and Audley D. Gaston, J r . - -At  t h e  November 1965 
meeting of t h e  Society [J. Acoust. SOC. Am. 38, 928(A) (1965) 1 , we 
presented t h e  r e s u l t s  of a series of unsuccez fu l  attempts t o  r ep l i ca t e  
t h e  findings of Green, Bi rdsa l l ,  and Tanner [J. Acoust. Soe. Am. 29, 
523-531 (1957) ] on detection versus duration. Since then, s t i l l  using 
a fixed-bandwidth f i l t e r ,  but by changing the  time constants of t he  
detector ,  we have come much closer .  Like them, we  have employed a 
continuous masker and a constant value of E/N 

a close f i t  t o  t h e i r s .  
detector and by an in tegra tor  with a decay t i m e  of 100 msec. 
cation of t h e  experiment, t h i s  time employing a square-law r e c t i f i e r  
(energy de tec tor ) ,  but using t h e  same integrat ion time constants , 
yielded reasonable s imilar  r e s u l t s .  

and our new data  y i e ld  
0 

The f i l t e r  i s  followed by a l i nea r  (half-wave) 
A r ep l i -  

Replication and Revisions of Egan's Method of Free Response. 
Charles S. Watson and Thomas L. Nichols.--Listener performance was  
measured under several  conditions similar t o  t h a t  described by Egan 
as t h e  "Method of Free Response" [ J .  Acoust. SOC. Am. 33, 993-1007 
(1961)]. In  addition t o  randomly spacing 10 s ignals  of low detect-  
a b i l i t y ,  150 msec i n  duration, 500 Hz, within each 5-min l i s t en ing  
period, 10  "noise-alone in te rva ls"  were a l so  defined i n  each period. 
The la tenc ies  of f i rs t  responses were measured, timed from the  onset 
of each observation in te rva l .  Distributions of these response 
la tenc ies  were separately constructed f o r  signal-plus noise and f o r  
noise-alone in te rva ls .  Indices of de t ec t ab i l i t y  calculated from 
these d is t r ibu t ions  support Egan's conclusions t h a t  (a)  s igna l  
s t rength must be increased by approximately 2 dB when observation 
in te rva ls  are not defined f o r  t h e  l i s t e n e r ,  i f  he i s  t o  maintain 
h i s  performance a t  t h e  l e v e l  achieved with defined in t e rva l s ,  and 
(b )  t h i s  decrement i n  performance i s  la rge ly  a function of uncertainty 
about t he  exact i n s t an t  of s igna l  occurrence and not of t h e  sparci ty  
of s ignals .  

Psychometric Functions f o r  t h e  Antiphasic Binaural Conditions 
NOSIT and NITSO. Rand B. Evans, Ann Tucker, and Lloyd A. Jeffress.--  
Psychometric functions for NOSn and NITSO were determined, using a 
2AFC procedure. The s igna l  was  a 500-Hz, 150 msec tone,  and t h e  
masker, a continuous wideband noise (100-3000 Hz). The function 
fo r  NTSO showed t h e  bend at  high leve ls  reported earlier 
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[L. A. J e f f r e s s  and A. D. Gaston, Jr., J. Acoust. SOC. Am. 38, 
929 ( A )  (1965 ) ] f o r  measured in t e rau ra l  time differences.  The 
function f o r  NOSa w a s  s i m i l a r  t o  t h a t  described by Green [ J .  Acoust. 
SOC. Am. ( t o  be published) 1. 

Effect of Duration upon Detection with Gated Noise and Signal. 
Ann Tucker, Rand B. Evans, and Lloyd A. Jeffress.--A 2AFC procedure 
w a s  used t o  study t h e  e f f ec t  of duration on s igna l  de t ec t ab i l i t y ,  
with noise and s igna l  de t ec t ab i l i t y ,  with noise and s igna l  gated 
simultaneously. Durations employed were 10 ,  20, 50, 100,  200, and 
500 msec. 
duration f o r  constant s igna l  energy over t he  range found by Green, 
Bi rdsa l l ,  and Tanner. [J. Acoust. SOC. Am. 29, 523-531 (1957)l for 
gated s igna l  and continuous noise. 
energy, they indicate  a tendency t o  peak at about 20 msec ( rec iproca l  
of t h e  c r i t i c a l  bandwidth? ) . 

The Slata do not show t h e  near constancy of detection with 

Ins t ead ,Tor  constant s igna l  

Detection Performance and Two Parameters of t h e  Auditory 
Stimulus. Thomas L. Nichols.--Four subjects  were run i n  a conventional 
yes-no psychophysical experiment i n  auditory masking. The stimulus 
consisted of a 250 msec burst  of band l imited white noise. On 50% of 
the  t r ia ls ,  a 500 Hz sinusoidal  s igna l  w a s  added t o  the  noise burs t .  
On each t r i a l ,  a record w a s  made of t he  nature of t h e  stimulus ( i . e .  , 
e i the r  signal-plus-noise, o r  noise a lone) ,  t he  subjec t ' s  response 
latency, t h e  nature of h i s  response ( i . e .  , "yes", o r  ''no'') , and two , 

physical measures of t h e  stimulus waveform. The two physical measure- 
ments were made using an electronic  ear  model consis t ing of a narrow 
band f i l t e r  (simulating t h e  subjec t ' s  c r i t i c a l  band) followed by a 
r e c t i f i e r  and two measurement devices. One of these devices measured 
the  magnitude of t h e  la rges t  peak voltage occurring during the  stimulus 
in t e rva l ,  and the  other measured t h e  average voltage of t h e  stimulus 
envelope. 

A s e r i e s  of multiple l i n e a r  regression models w e r e  constructed 
t o  determine the  independent contribution of each of these e l e c t r i c a l  
measurements t o  prediction of t h e  nature of t h e  stimulus event, and 
the  nature of t he  subject ' s  response. 
stimulus envelope w a s  found t o  be t h e  more e f f i c i e n t  predictor  of 
both of these c r i t e r i a ,  and a l so  t h e  more important i n  determining 
t h e  subjec t ' s  response. The maximum peak amplitude was  a poor 
predictor  of both c r i t e r i a ,  and added l i t t l e  predict ive eff ic iency 
of a model which already contained the  average energy predictor .  
The Theory of Signal Detectabi l i ty  states t h a t  an observer uses a 
la rge  number of stimulus dimensions i n  reaching a decision about 
t he  nature of t h e  source of a stimulus. This research indicates  
t h a t  t h e  average energy of t h e  i n p u t - i s  a dimension of great  impor- 
tance i n  t h e  decision process, and t h a t  t he  maximum peak value i s  
a relevant ,  but far less important dimension. 

The average energy of t h e  

58 



Response d is t r ibu t ions  were constructed by p lo t t i ng  a l l  "yes", 
and a l l  "no" responses separately against t he  value of t he  average 
stimulus energy associated with each response. The index of detect-  
abi l i ty ,  d ' ,  computed from these d is t r ibu t ions  w a s  i n  good agreement 
with t h e  d'  values computed from the  conventional t heo re t i ca l  
d i s t r ibu t ions  of TSD. 

The probabi l i ty  of a "yes" response, t he  probabi l i ty  of a correct  
response, and t h e  response latency of a l l  responses w e r e  a l s o  p lo t ted  
as a function of stimulus Level (expressed as average energy level). 
The probabi l i ty  of a "yes" response was  found t o  increase with t h e  
average energy of t he  stimulus (even though t h e  overa l l  s igna l  t o  noise 
r a t i o ,  E/No, w a s  constant) ,  and t h e  probabi l i ty  of a correct  response 

w a s  found t o  be highest f o r  low and high values of t h e  average energy. 
Response latency w a s  g rea tes t  f o r  middle values of average energy. 

These results indicate  t h a t  gradations i n  stimulus l eve l ,  whether 
a s igna l  i s  present or not ,  produce gradations i n  response probabi l i ty  
and latency i n  a continuous fashion. These results a re  i n  opposition 
t o  c l a s s i ca l  threshold theory,  and support t he  formulations of t h e  
Theory of Signal Detectabi l i ty .  

Stimulus-Oriented Approach t o  Detection Re-examined. 
Lloyd A. Jeffress.--The present paper i s  a re-examination of some of 
t he  conclusions of an earlier one. It i s  motivated by some new ins ights  
resu l t ing  from attempts t o  r ep l i ca t e  experiments with human observers 
through t h e  use of an e l e c t r i c a l  model of t he  auditory system. It i s  
concerned primarily with t h e  e f f ec t  of s igna l  duration on detection i n  
the  presence of a continuous masking noise. The model, of those t r i e d ,  
t h a t  best  f i t s  human performance consisted of a bandpass f i l t e r  obtained 
by subtract ing the  output of a 500 Hz sharp-cutoff, low-pass f i l t e r  from 
another having a cutoff of 525 Hz. The f i l t e r  w a s  followed by a l i n e a r  
half-wave r e c t i f i e r ,  and it i n  tu rn  by an in tegra tor  having a 100 msec 
decay t i m e .  The integrator  can be thought of as a device which takes  
a running average of i t s  input. 

The probabi l i ty  density d is t r ibu t ions  f o r  N and SN yielded by t h e  
model l i e  between t h e  Rayleigh-Rice d is t r ibu t ions  on the  one hand and 
a p a i r  of normal d is t r ibu t ions  of unequal variance on the  other.  The 
exact shape of the  two d is t r ibu t ions  depends upon both t h e  bandwidth 
of t he  f i l t e r  employed and t h e  t i m e  constant of t h e  averager. 

The Effect  of Duration Upon Detection f o r  Both Gated and 
Continuous Noise and Signal. Ann Tucker.--A two-alternative forced- 
choice procedure w a s  used t o  study the  e f f ec t  of duration on auditory 
s igna l  de t ec t ab i l i t y  under two conditions; gated noise and gated s ignal .  
The durations employed were 10, 20, 50 ,  100, 200, and 500 milliseconds, 

with held constant. The s igna l  w a s  a 500 Hz sinusoid with r ise  

and decay t i m e s  of 0.5 milliseconds each. 
Gaussian noise with a spec t ra l  l e v e l  of approximately 48 dB re 
0.0002 pbar w a s  used as t h e  masker. 

0 

Band-limited (100-3000 Hz) 
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In  Experiment I ,  each of th ree  naive observers performed under 
the  gated noise and s igna l  condition, at t h e  s i x  durations and f o r  

at l e a s t  1800 t r ia l s  per  duration. A constant value f o r  w a s  

maintained at 4.0. The detection measure, d ' ,  w a s  higher f o r  a l l  
observers a t  short  s igna l  durations than at long. One observer 
showed best  detection at 20 milliseconds, another at 50, and t h e  
t h i r d  a t  100. A l l  th ree  observers w e r e  a l so  given a t  l e a s t  1800 
t r ia l s  using a continuous noise with t h e  100 milliseconds gated 
s ignal .  A l l  d id  subs tan t ia l ly  worse under t h i s  condition. 

Three new observers were used i n  Experiment 2.  These, a l so  
naive, performed under both t h e  gated and continuous conditions, a t  

t he  same s i x  s igna l  durations.  The employed i n  t h i s  experiment 

w a s  4.5. 
detection than continuous noise and gated s ignal .  A t  t he  longer dura- 
t i o n s ,  however, detection was s l i g h t l y  poorer f o r  t h e  gated noise than 
fo r  continuous . 

For short  durations gated noise and s igna l  yielded b e t t e r  

The Theory of Signal Detectabi l i ty  assumes t h a t  t he  observer 
samples t h e  noise and the  signal-plus-noise d is t r ibu t ions  i n  a 
similar manner. However, t h e  psychophysical procedure most often 
used involves gating t h e  s igna l ,  but not t h e  noise.  
therefore  asked, i n  e f f e c t ,  t o  tu rn  h i s  detection mechanism on and 
off i n  agreement with t h e  experimenter's signaling of t he  in t e rva l s .  
The present study has shown t h e  e f f ec t  of gating both t h e  noise and 
t h e  s igna l ,  and how t h i s  gating relates t o  s igna l  duration and in- 
fluences s igna l  detection. 

The observer i s  

ROC Curves f o r  Multiple-Signal Levels i n  a Detection Task. 
Ann Tucker, Rand B. Evans, and Lloyd A. Jeffress.--Seven s igna l  l eve l s  
were presented t o  four observers i n  a pseudorandom fashion. 
tone w a s  used, and the  s igna l  duration w a s  maintained at 100 msec with 
a rise-decay t i m e  of 10  msec. Wide-band (100-3000 Hz) continuous 
noise w a s  used as t h e  masker. The l i s t en ing  i n t e r v a l  w a s  indicated 
by a l i g h t ,  and observers were instructed t o  c l a r i f y  or rate the  
loudness of t he  masked s igna l  by using one of 10  ordered push buttons. 
On some t r i a l s  noise alone w a s  present;  on the  remaining trials 

(2E/N0)1/2 ranged from 2.0 t o  5.0. ROC curves were p lo t ted  f o r  each 

s igna l  l eve l ,  and a remarkably s m a l l  number of t r i a l s  w a s  needed t o  
y i e ld  sa t i s f ac to ry  curves. 
y ie lds  smooth curves f o r  seven s igna l  leve ls  i n  about t he  same time 
previously needed f o r  only one leve l .  The observer 's  t ask ,  t o  rate 
t h e  loudness of t h e  stimulus, appeared t o  be simpler than t h a t  of 
e a r l i e r  studies, i n  which he w a s  asked t o  rate h i s  "certainty" t h a t  
a s igna l  w a s  present. 

A 5OO-Hz 

The multiple-level r a t i n g  procedure 
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An E lec t r i ca l  Model f o r  Binaural Detection. Lloyd A. Jeffress 
and Audley D. Gaston, Jr.--An e l e c t r i c a l  model t h a t  takes a running 
average of i n t e rau ra l  t i m e  differences y ie lds  r e s u l t s  similar t o  human 
performance under several  binaural  conditions, NOSn, NnSO, and NOSm: 
with continuous noise and gated s ignal .  It shows a response t o  s igna l  
duration similar t o  t h a t  given by people. Previous models, such as 
the  t h e t a  model and t h e  E-C model, have no provision f o r  handling the  
case of t h e  continuous noise and gated s igna l ,  and leave t h e  e f f ec t  
of s igna l  duration under these conditions unaccounted for .  The device 
achieves i t s  measurement of t i m e  difference by amplifying and clipping 
t h e  inputs from t h e  two channels, subtracting one from t h e  other ,  and 
discarding differences of one sign while averaging those of t h e  other. 
The voltage being averaged can be expressed by t h e  following equation: 

- t /RC 
T/RC 

e 

e 
’, where - t i s  t h e  t i m e  t h a t ,  say, t h e  l e f t  ear leads 

- 1  
E = Ei 

the  r i g h t ,  T i s  the  period of t he  center frequency of t h e  narrow-band 
noise,  and E. i s  the  magnitude of  t he  rectangular input voltage. 

1 

Bezold-Br&ke Hue Shi f t  : Measurements on Untrained Observers. 
Gerald H. Jacobs.--Despite t he  prominence of t h e  e f f e c t ,  only a 
r e l a t ive ly  small number of individuaAs are  represented i n  t h e  pub- 
l i shed  measurements of t he  Bezold-Brucke hue s h i f t  and most of those 
measurements were made under ra ther  permissive experimental conditions. 
In  the  experiment reported here , t he  Bezold-Brhke e f f ec t  w a s  assessed 
f o r  a la rge  number of previously untrained, color-normal observers 
using a limited-category forced-choice color naming procedure. 
Measurements are presented on t h e  magnitude and d i rec t ion  of t h e  hue 
s h i f t  i n  t h i s  group of subjects.  An indicat ion of t h e  v a r i a b i l i t y  
of t he  s h i f t  across observers i s  given and these measurements a re  
compared t o  those presented elsewhere. Some comments on the  spec t ra l  
locations of t he  unique points and t h e i r  re la t ionship  t o  luminance 
l e v e l  are a l so  made. 

Effects of Chromatic Adaptation on Color Naming. Gerald H. Jacobs 
and Heinz A. Gaylord.--Some e f f ec t s  of chromatic adaptation have been 
evaluated i n  the  context of a color-naming task.  Color-naming responses 
were obtained from three  observers under both neut ra l  and chromatic- 
adaptation conditions and those data  were used t o  generate indices of 
t he  magnitude of change i n  spec t ra l  appearance under various adaptation 
conditions. 
cedures a re  made. 

A few general comments on the  use of color-naming pro- 
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Saturation E s t i m a t e s  and Chromatic Adaptation. Gerald H. Jacobs.-- 
Category estimates of spec t ra l  saturat ion were obtained from three  
observers under neut ra l  adaptation and under three conditions of chro- 
matic adaptation. The data  so obtained show t h a t  chromatic adaptaticm 
causes a s h i f t  i n  t h e  locat ion of minimal spec t ra l  sa tura t ion  toward 
t h e  spec t ra l  locus of t he  adapting l i g h t .  The existence of secondary 
minima and enhancement e f f ec t s  i n  spec t r a l  sa tura t ion  a re  a l so  noted. 

Agreement i n  Detection: Observers and E lec t r i ca l  Model. 
Paul I. W i l l i a m s  and Lloyd A. Jeffress.--At t h e  Los Angeles meeting, 
Nichols reported t h a t  an e l e c t r i c a l  model (narrow f i l t e r - r e c t i f i e r -  
envelope f i l t e r )  predicted t h e  responses of four observers i n  a 
s ingle- interval  detection experiment b e t t e r  than e i t h e r  a d i f f e ren t  
e l e c t r i c a l  device (envelope-maximum detector)  or t h e  presence or 
absence of t h e  s ignal .  H e  suggested the  d e s i r a b i l i t y  of employing 
multiple s igna l  l eve l s  and a two-alternative, forced-choice method 
with a s i m i l a r  detector .  
with t h e  f irst  e l e c t r i c a l  model and three  observers responding t o  the  
same st imuli .  Seven s igna l  l eve l s  were employed, and on some t r ia l s ,  
noise alone occurred i n  both in te rva ls .  
chance ( fo r  noise-alone t r i a l s ) .  
observers' behavior better than the  presence or absence of t h e  s igna l  
does, and bet ter  than one observer predicts  another. When t h e  three  
observers agreed i n  t h e i r  responses (whether r igh t  or wrong) the  
model agreed with them on more than 81% of t h e  t r ia l s .  
the  s igna l  t h e  greater  w a s  t h e  superior i ty  of t he  model over t h e  
s igna l  as predictor .  (Noise: 100-3000 Hz, 50 dB Spectral  l eve l .  
Signal: 500 Hz, 0.25 sec.)  

The present paper reports  such an experiment, 

P(C) ranged from about .99 t o  
The data  show t h a t  t h e  model predicts  

The weaker 

MLDs and the  Phase Angle, Alpha. Lloyd A. J e f f r e s s  and 
Dennis McFadden.--This Le t te r  describes two experiments designed t o  
discover t h e  e f fec t  of t h e  phase angle, a ,  ( t h e  angle between a narrm- 
band masker and a tona l  s igna l )  on binaural  detect ion;  and o f fe r s  an 
explanation of why they failed t o  reveal  any e f f e c t .  

Mathematical and E lec t r i ca l  Models of Auditory Detection. 
Lloyd A. Jeffress.--McGill's generalization of Marill's formula fo r  t he  
probabi l i ty  of a correct  response i n  a two-alternative, forced-choice 
experiment i s  obtained from a special  case of the  noncentral chi-square 
d is t r ibu t ion .  
cen t ra l  chi  d i s t r ibu t ion  i s  more appropriate than t h e  noncentral ch i  
square f o r  monaural detection of a tona l  s igna l  i n  a continuous back- 
ground of Gaussian noise. The spec ia l  noncentral ch i  function f i t s  
d is t r ibu t ions  obtained from an e l e c t r i c a l  model, and y ie lds  psychometric 
functions appropriate both t o  it and t o  human observers. E s t i m a t e s  of 
bandwidth and of integrat ion t i m e  derived from t h e  d i s t r ibu t ion  functions 
l i e  within t h e  range of values of ten assumed from human subjects.  

The present paper shows t h a t  a spec ia l  case of t h e  non- 
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